Pathological excavation of the optic disc in the apparent absence of raised ocular tension was first described by von Graefe (1857), and since then it has aroused interest among ophthalmologists; various names have been given to it and these have reflected ideas about its aetiology. Schnabel (I885) described a cavernous optic atrophy which he believed had resulted from progressive diminution of blood supply to the optic disc, a view supported by Wolff (I947). Sjogren (1946) considered that open-angle glaucoma and low tension glaucoma were one and the same condition. Lyle (I957) suggested that the terms pseudo-glaucoma and low tension glaucoma should be replaced by arterosclerotic optic atrophy.
Each patient with low tension glaucoma was carefully matched for sex, age, and refractive error with one patient with open-angle glaucoma and one normal control. The mean ages and refractive errors within the three groups are given in Table I . Age matching was within the range + 9 to -I 3 years. Refractive error (best sphere) matching was done for one eye only and was within the range +i 5 D sph. The eye which gave the better match for refractive error was selected for assessment.
In cases in which all the diagnostic criteria were not fulfilled in one eye, the other eye was selected for matching. None of the eyes included had had an operation. Thirteen patients who fulfilled these criteria were found, but two had to be excluded because they were highly myopic and no normal controls could be found for them. Of the remaining eleven, seven were females and four males. The mean age was 7I-7 yrs (range 58 to 85) and the mean refractive error -o093 D sph. (range +3-25 to -7). Only one eye was affected in two of the eleven cases. Repeated measurement of the applanation tensions for at least one morning had been done in ten of the eleven patients.
(2) Open-angle glaucoma Diagnostic criteria were the same as for low tension glaucoma above, except for:
(c) Maximum recorded applanation tension greater than 23 mm.Hg. (vii) Axial length from the addition of (iv), (v), and (vi). (viii) Cup to disc area and diameter ratios measured from a stereoscopic fundus photograph taken by a successive technique using the Zeiss fundus camera (Tomlinson and Phillips, I969) .
Treatment with pilocarpine and tosmilen bromide drops was stopped 48 hours and 2 weeks respectively before the ocular dimensions were taken. Wilkie, Drance, and Schulzer (I969) showed that a reduction in the depth of the anterior chamber could result from treatment with miotic eye drops. Table I shows the means of the measurements taken for each of the three groups of patients. The matched pairs Student's t test, i.e. for related samples, was used to analyse the differences between the three matched groups. Table II shows that no significant differences were found between the ages or refractive errors of the three groups of subjects. Significant differences for all three comparisons were found, i.e. low tension glaucoma patients (mean = I9 4 mm.Hg) had significantly higher applanation readings than the normal subjects (mean = I5 6 mm.Hg; t = 3-927; o0OOI < P < OOI). Open-angle glaucoma patients (mean = 33-I mm.Hg) had significantly higher applanation readings than either the low tension glaucoma cases (t = 5 8I0; P < 000 I) or the normal controls (t -7*639; P < Oo00I). 0'05<P<0 *I O) (Fig-3) 
Results

Discussion and Conclusions
Of the eleven cases of low tension glaucoma, seven were female and four male. Perkins (I959) and Winstanley (1959) found twice as many females as males.
Ocular tensions in low tension glaucoma and open-angle glaucoma clearly differ from one another only in the degree of elevation in ocular tension, because cases of both conditions had significantly higher ocular tensions than the normal controls. It should be noted that the patients had been carefully matched for sex, age, and refractive error. These are all factors which can influence ocular tension. Presumably ocular tension does play an important part in the pathogenesis of "low tension" glaucoma, although a multifactorial aetiology seems especially likely. Use of the term "low tension" glaucoma is questionable because it may be understood to imply a lower ocular tension than normal, when clearly in these data it was higher. It seems reasonable to suggest that treatment of low tension glaucoma, like that of open-angle glaucoma, should be directed towards a reduction in ocular tension by medical or, when indicated, surgical methods. In general, of course, the lower the intraocular pressure, the more difficult it is to achieve a reduction in ocular tension.
The patients with low tension glaucoma were slightly older by 3.7 years than either the patients with open-angle glaucoma or the normal controls. The greater vertical corneal radius in low tension glaucoma than in either open-angle glaucoma (o.ooI <P<o.oi) or normal subjects (0o02<P<o0o0) could therefore have been due to the age difference because vertical corneal radius is probably the major component of the change from "withthe-rule" to "against-the-rule" corneal astigmatism with increasing age (Weale, I963).
However, regression analysis showed that the age difference did not account for the differences in vertical corneal radius. The differences found in axial length between the three groups may partly explain the differences in corneal radius. Hence, in spite of the close matching for refractive error (see Table II ), axial lengths were greater in low tension glaucoma than in open-angle glaucoma, though the difference was not quite significant (0o05<P<o'io). Evidently this difference in axial length, which would have tended to make low tension glaucoma eyes relatively more myopic than open-angle glaucoma eyes was neutralized by the significantly greater corneal radius in low tension glaucoma compared to open-angle glaucoma (O-Ooi <P<o0oi). A significant correlation between greater axial length and greater corneal radius was found when the low tension and openangle glaucoma groups were combined (N = 22; correlation coefficient + o0486; o-oi < P<o0os).
Similarly, the tendency towards hypermetropia in open-angle glaucoma arising from a relatively short axial length compared to that in low tension glaucoma would also be partially neutralized by a relatively greater effective dioptric power of the lens because of its more anterior position (the anterior chamber was relatively shallow in open-angle glaucoma) and the slightly greater thickness of the lens.
It is difficult to see how the vertical corneal radius can be of importance in the aetiology of low tension glaucoma. An increasing vertical corneal radius with age is the major component of the change from "with-the-rule" to "against-the-rule" corneal astigmatism, and this is probably due to a progressive loss of orbital tissue (Weale, I963) . The greater vertical corneal radius in low tension glaucoma could conceivably be due to a premature backwards displacement of the eyeball due to loss of orbital tissue which might be associated with a diminution in blood supply to the orbit and its contents. A greater axial length, with which a greater vertical corneal radius could be correlated (o-oI <P<o0os), is more likely to be concerned in the aetiology of low tension glaucoma because greater axial length is associated with a higher cup/disc ratio (Tomlinson and Phillips, I969-see later discussion).
Perkins (I 959) and Winstanley (I 959) have pointed out that, in patients with low tension glaucoma, who are often myopic, a relatively high radius of corneal curvature would tend to give an erroneously low estimate of intraocular pressure with the Schiotz tonometer and that therefore a low ocular rigidity should result. Our results which showed that corneal radius was significantly greater in low tension glaucoma than in either open-angle glaucoma (o0ooi <P<o.oi) or normal subjects (0o02 <P<o o5) support this view. Axial length in low tension glaucoma was found to be greater than in open-angle glaucoma, though not quite significantly so (0o05<P<P.io). The greater axial length would also tend to give a lower ocular rigidity (Luyckx, I967; Leighton and Tomlinson, 1971) open-angle glaucoma, because in the patients with low tension glaucoma the large axial length of eyeball probably contributed to a relatively high cup-to-disc ratio before the onset of glaucoma. Conversely, patients with open-angle glaucoma would probably have had lower cup-to-disc ratios before the onset of glaucoma than those with low tension glaucoma, and hence their greater elevation in ocular tension was relatively more important in the production of pathological disc excavation than the moderate elevation in ocular tension found in low tension glaucoma.
Summary
Eleven cases of low tension glaucoma were each carefully matched with one open-angle glaucoma patient and one normal control for sex, age, and refractive error. The ocular tensions of both the low tension and open-angle glaucoma groups were significantly higher than those of the normal controls (P<o-oi; P<o ooi respectively). Open-angle glaucoma and low tension glaucoma therefore only differed from each other in the degree of elevation of ocular tension and their treatment should therefore be similar.
Vertical corneal radius was greater in low tension glaucoma patients than in either open-angle glaucoma patients or normal controls (P<O'OI; P<o0o0 respectively).
However, a greater vertical corneal radius was associated with greater axial length (P<0oo5).
Anterior chambers were significantly shallower in the open-angle glaucoma patients than in normal controls (P<o0os).
A greater length of vitreous body was found in cases of low tension glaucoma than in open-angle glaucoma (P<o0os). This may well indicate a greater liability to glaucomatous field defects in low tension glaucoma than in open-angle glaucoma because of an association between greater vitreous length and a high cup/disc ratio.
